The association between dietary fiber intake and gastric cancer risk has been investigated by many studies, with inconclusive results. We conducted a meta-analysis of case-control and cohort studies to analyze this association. METHODS: Relevant studies were identified by searching PubMed and Embase through October 2012. We analyzed 21 articles, which included 580,064 subjects. Random-effects models were used to estimate summary relative risks. Dose-response, subgroup, sensitivity, meta-regression, and publication bias analyses were performed. RESULTS: The summary odds ratios of gastric cancer for the highest, compared with the lowest, dietary fiber intake was 0.58 (95% confidence interval, 0.49À0.67) with significant heterogeneity among studies (P < .001, I
G astric cancer is the third most common cause of cancer-related deaths in males and the fifth most common in females worldwide, which is an enormous public health problem. 1 Although the overall incidence is decreasing, gastric cancer remains a serious fatal cancer in the United States, and the survival rate has not improved significantly over the past 2 decades. 2 Thus, there is an urgent need to develop primary prevention strategies for this disease.
Dietary factors are believed to play an important role in the prevention of gastric cancer, among which dietary fiber has received considerable interest. 3 In vitro studies suggest that dietary fiber may prevent gastric cancer by acting as a nitrite scavenger, potentially countering the carcinogenic effects of N-nitroso compounds. 4 Since the 1980s, many epidemiologic studies have been reported regarding the association between dietary fiber intake and gastric cancer risk, but the results are conflicting. Thus, we performed a meta-analysis of casecontrol and cohort studies with the following objectives: (1) to summarize the epidemiologic evidence on the association between dietary fiber intake and the risk of gastric cancer; (2) to examine the dietary fiber intake in relation to gastric cancer risk according to study designs, characteristics of study populations, sources and types of fiber, and gastric cancer subtypes; and (3) to evaluate the dose-response relationship between dietary fiber intake and the risk of gastric cancer.
Materials and Methods

Search Strategy
A comprehensive, computerized literature search was performed in PubMed and Embase through October 2012 using the following key words: (dietary fiber) AND (gastric cancer OR stomach cancer). Then, the reference sections of identified publications were searched for further potentially relevant articles. Our study was designed, conducted, and reported according to the standards of quality for reporting meta-analyses. 5 
Study Selection
Studies included in our meta-analysis had to meet the following criteria: (1) used a case-control or cohort design; (2) the exposure of interest was dietary fiber intake; (3) provided data of gastric cancer occurrence; (4) reported the odds ratio (OR) or relative risk (RR), and the corresponding 95% confidence interval (CI). Three authors (Z.Z., G.X., and X.L.) independently assessed the retrieved studies according to the prespecified criteria and discrepancies were resolved by discussion.
Data Extraction and Quality Assessment
For each study, the following information was collected: the last name of the first author, publication year, study design and location, age, sex, study period, sample size, fiber intake assessment and comparison method, OR/RR from the most fully adjusted model for the highest compared with the lowest dietary fiber intake and the corresponding 95% CI, and adjustment for confounders in a multivariate analysis. Data were extracted independently by 2 authors (Z.Z. and G.X.) and then crosschecked. If more than one article was published using the same population, we selected the most recent or most informative report.
To assess the study quality, an evaluation system based on the Newcastle-Ottawa Scale 6 was adopted. The included studies were judged on 3 aspects: the selection of study populations, the comparability of the populations, and ascertainment of exposure (including the dietary change) or the outcomes of interest for case-control or cohort studies, respectively. The full score was 10 stars, and a high-quality study was defined as a study with 7 or more stars.
Statistical Analysis
ORs or RRs were extracted from the included studies, and their standard errors were calculated from the respective CIs. We quantified the relationship between the dietary fiber intake and the risk of gastric cancer by a random-effects model, which incorporates both within-and between-study variability. The heterogeneity among studies was assessed with the Q and I 2 statistics. 7 To explore the possible heterogeneity among different studies, the variables of study design, geographic area, fiber intake assessment and comparison method were examined further in a meta-regression model. The between-study variance (s 2 ) was used to quantify the degree of heterogeneity among studies, and the percentage of s 2 was used to show the extent of the explained heterogeneity of the characteristics. 8 Stratification analyses according to study characteristics were performed to assess the potential effect modification of these variables on outcomes.
Because the characteristics of the subjects, fiber intake assessment methods, and adjustments for confounding factors were inconsistent among studies, we further conducted a sensitivity analysis to explore the possible explanations for the heterogeneity and to examine the impact of different exclusion criteria on the overall result. We also evaluated the influence of a single study on the entire result by omitting each study in sequence.
For the dose-response meta-analysis, the method proposed by Greenland and Longnecker 9 and Orsini et al 10 was adopted to compute the trend from the correlated log OR estimates across categories of fiber intake. Only the studies that reported the number of cases and control subjects and the OR and its 95% CI for at least 3 quantitative exposure categories were included. For every included study, the median or mean fiber intake for each category was assigned to each corresponding OR.
Publication bias was evaluated with funnel plots and the Egger linear regression test. 11 All analyses were performed with STATA version 12.0 (StataCorp, College Station, TX). A P value less than .05 was considered significant.
Results
Search Results, Study Characteristics, and Quality Assessment
The search strategy yielded 205 entries, of which 36 were considered to have potential value and the full text was retrieved for detailed evaluation ( Figure 1 ). Among these 36 articles, 17 more were excluded for the following reasons: review or editorial (n ¼ 11); no OR/RR or 95% CI reported (n ¼ 2); or data on the same population (n ¼ 4). Two additional articles were included from the reference review. Thus, 21 articles (26 reports) that contained 580,064 subjects, published between 1985 and 2009, were included in this meta-analysis.
Of the 21 articles, 19 were case-control and 2 were cohort studies. The sample sizes of the included studies A maximum of 2 stars could be awarded for this item. Studies that controlled for age received 1 star, and studies that controlled for intake of other nutrients received an additional star. A maximum of 2 stars could be awarded for this item. Studies that ascertained the exposure with a secure record or a structured interview while blind to case/control status received 1 star, and studies that considered the issues related to dietary changes because of disease received an additional star.
ranged from 220 to 435,366. The number of gastric cancer cases varied from 88 to 1124 (Supplementary Table 1 ). The quality scores of each study are summarized in Tables 1 and 2 . The quality scores ranged from 5 to 9. The median score was 7 for case-control studies and 8 for cohort studies.
Fiber Intake and Gastric Cancer Risk
The multivariable-adjusted ORs for each study and the combined OR for the highest vs the lowest categories of dietary fiber intake are shown in Figure 2 . Of the 26 reports, 24 showed an inverse association between the dietary fiber intake and the gastric cancer risk, 14 of which were statistically significant. Overall, the pooled OR for the highest compared with the lowest dietary fiber intake was 0.58 (95% CI, 0.49-0.67) with significant heterogeneity among studies (P < .001, I
2 ¼ 62.2%).
Dose-Response Meta-Analysis
Two case-control studies 23, 26 that reported the number of cases and control subjects and the OR and its 95% CI for at least 3 quantitative exposure categories were included for the dose-response meta-analysis. The summary OR for an increment of 10 g/d of dietary fiber intake was 0.56 (95% CI, 0.45-0.71) without heterogeneity (P ¼ .941, I
2 ¼ 0.0%).
Subgroup Analysis
Subgroup analysis was by study design, and significant inverse associations were observed in populationbased case-control studies (OR, 0.56; 95% CI, 0.46-0.67) and hospital-based case-control studies (OR, 0.52; 95% CI, 0.41-0.66) ( Table 3) . When stratifying by geographic area the ORs were 0.48 (95% CI, 0.40-0.58) for studies conducted in North America, 0.66 (95% CI, 0.52-0.84) for studies conducted in Europe, and 0.63 (95% CI, 0.47-0.84) for studies conducted in China. In the subgroup analyses by fiber source and fiber type, the ORs were 0.58 (95% CI, 0.41-0.82) for cereal fiber, 0.67 (95% CI, 0.46-0.99) for fruit fiber, 0.72 (95% CI, 0.57-0.90) for vegetable fiber, 0.42 (95% CI, 0.34-0.52) for insoluble fiber, and 0.41 (95% CI, 0.32-0.52) for soluble fiber. Stratifying by Lauren's classification, the association was similar in diffuse-type gastric cancer (OR, 0.62; 95% CI, 0.42-0.92) and in intestinal-type gastric cancer (OR, 0.63; 95% CI, 0.45-0.89). Moreover, significant associations also were observed in the subgroup analysis by publication year (before and after 2000), sample size (<1000 and !1000), and quality score (<7 stars and !7 stars) ( Table 3) .
Sensitivity Analyses
Sensitivity analyses were performed to explore potential sources of heterogeneity and to examine the influence of various exclusion criteria on the overall result. Exclusion of 4 studies 12,15,22,31 that were not adjusted for total energy intake or dietary factors yielded an OR of 0.55 (95% CI, 0.47-0.64), with substantial evidence of heterogeneity (P ¼ .001, I
2 ¼ 56.2%). Restricting analysis A maximum of 2 stars could be awarded for this item. Studies that controlled for age received 1 star, and studies that controlled for intake of other nutrients received an additional star.
b
A cohort study with a follow-up time longer than 5 years was assigned 1 star.
c A cohort study with a follow-up rate greater than 80% was assigned 1 star.
to studies that were controlled for smoking yielded similar results (OR, 0.59, 95% CI, 0.50-0.69; n ¼ 19), yet heterogeneity still was present (P ¼ .004, I 2 ¼ 52.0%). Further exclusion of any single study did not materially alter the overall result, with a range from 0.56 (95% CI, 0.48-0.65) to 0.60 (95% CI, 0.51-0.69).
Meta-regression
Meta-regression analysis indicated that geographic area (P ¼ .039) and fiber intake assessment method (P ¼ .042), but not the study design and fiber intake comparison method, were significant sources of heterogeneity (Table 4) . The estimated between-study variance (s 2 ) was reduced from 0.088 to 0.067 (geographic area) and 0.066 (fiber intake assessment method). Moreover, we found that geographic area alone could explain 23.86% of the s 2 in the meta-regression analyses, and fiber intake assessment could explain 24.54% of the s 
Publication Bias
The funnel plot did not show any obvious asymmetry. The Egger test also indicated no evidence of publication bias (P ¼ .931).
Discussion
In the past 2 decades, the role of dietary fiber in the development of gastric cancer increasingly has been recognized. In this meta-analysis, we found that high dietary fiber intake was associated significantly with a reduced risk of gastric cancer. Stratified analysis for study design, geographic area, source and type of fiber, Lauren's classification, publication year, sample size, and quality score of the study yielded similar results. Moreover, the dose-response meta-analysis indicated that an increase in dietary fiber intake of 10 g/day was associated with a statistically significant 44% decreased risk of gastric cancer.
The mechanism by which a high intake of dietary fiber may reduce the risk of gastric cancer has been investigated in many studies. Nitrite is a precursor for the endogenous formation of N-nitroso compounds, which are potentially carcinogenic in human beings. 33 In acid conditions, dietary fiber has been shown to scavenge nitrites and has similar efficacy as vitamin C in reducing the concentration of nitrite in the stomach. 4 Dietary fiber is a rich source of ferulic acid and p-coumaric acid, which could delay the progression of the cell cycle and produce anticancer effects. 34 Also, short-chain fatty acids, mainly produced by the fermentation of dietary fiber, can induce differentiation, growth arrest, and apoptosis in the gastrointestinal tract. 35 Furthermore, high dietary fiber intake could simply indicate a diet rich in vegetables and fruit, and a variety of nutrients, which have been shown to prevent gastric cancer. 36 For instance, studies have shown that Allium vegetables, a source of dietary fiber, have an antibacterial effect against Helicobacter pylori, which is a pivotal risk factor for gastric cancer. 37, 38 Prior meta-analysis and review also indicated that high intake of fiber-rich foods such as whole grains, 39 vegetables, and fruit 40 was associated with a decreased risk of gastric cancer. These studies support our finding that increased intake of dietary fiber is associated with a decreased gastric cancer risk.
There are only 3 studies that investigated whether the association between the dietary fiber intake and the gastric cancer risk differed by Lauren's classification (intestinal or diffuse). Another 3 studies examined the risk by location (cardia or noncardia) (Table 3) . Therefore, whether the association differs according to histologic subtype or location warrants further study.
Study Strengths and Limitations
A meta-analysis is an important method for revealing trends that might not be evident in a single study. A strength of this meta-analysis was that the number of total subjects (580,064) was substantial, which significantly increased the statistical power of the analysis. Moreover, we observed a significant dose-response relation between the dietary fiber intake and the gastric cancer risk, which further strengthened this association.
Our study also had several limitations. First, because of the observational design, the possibility that other factors may account for the observed association could not be ruled out. Nevertheless, most studies in this meta-analysis adjusted for potential confounders, including age, sex, total energy intake, smoking, and drinking. The inverse association between the fiber intake and the gastric cancer risk persisted when we restricted the analysis to studies that adjusted for these confounders. Second, the range between the lowest and highest categories for dietary fiber intake was much different among the studies, which may have contributed to the heterogeneity in the pooled analysis. Third, our meta-analysis contained a small number of observational cohort studies and only 2 casecontrol studies were eligible for the dose-response metaanalysis. Therefore, more observational studies with standardized fiber intake collection strategies are needed to answer this question more completely. Fourth, a problem with dietary assessments in case-control studies of gastric cancer is that dietary habits may have changed because of symptoms related to the cancer. However, most articles (20 of 21) in our meta-analysis asked about dietary habits 1 year or more before diagnosis/interview (eg, 1, 2, 4, 5, 10, or 20 years) and none of the studies asked about current diet (ie, right before diagnosis). The studies chose to ask about dietary habits 1 year or more before diagnosis/interview to evaluate the potential risk factors with a rational latency period before the onset of gastric cancer. In contrast, very recent dietary habits (ie, right before diagnosis) would be past the window of time relevant to the development of gastric cancer and thus would be less valid. Although the symptoms of gastric cancer experienced by the patients may have resulted in recent dietary changes, they would not have affected dietary habits many years ago. Fifth, many studies only provided the results without showing detailed calculation methods or the raw data (eg, the number of case and control subjects at different levels of consumption). To do this, the investigators of all the published studies were encouraged to share their raw data. Sixth, most of the included studies lacked the information concerning H pylori infection. Only 2 studies 28, 30 examined whether the association between dietary fiber intake and gastric cancer risk was modified by H pylori infection. Because H pylori infection is a key risk factor for gastric cancer, our result should be considered with caution because of potential confounding. Future studies should consider H pylori infection in the analysis.
Implications
Gastric cancer is a major cause of death worldwide. The association between the dietary fiber intake and the risk of gastric cancer remains controversial. According to the result of our meta-analysis, a 10-g/day increment in fiber intake was associated with a reduction in the risk of gastric cancer of 44%. This risk reduction could be translated into a reduction of as many as 324,720 gastric cancer deaths per year on a worldwide scale. 1 Dietary fiber intake in the United States is around 15 g/day, which is only half the recommended amount. 41 Fiber intake may be increased by well-described dietary changes such as increases in cereal, fruit, and vegetable consumption.
Conclusions
This meta-analysis shows that dietary fiber intake is associated inversely with the risk of gastric cancer. However, because of potential bias and confounding, these results should be considered with caution. Further welldesigned large prospective studies and randomized clinical trials for dietary fiber supplementation are warranted to confirm this association and to establish the potential dose-response relationship. Future studies should use standardized fiber intake collection strategy and consider H pylori infection in the analysis, which should lead to a better comprehensive understanding of the association between dietary fiber intake and the risk of gastric cancer. 
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